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EFFECTS OF CONVERGENCE ZONE MULTIPATH ON CROSSCORRELATION

- -~ First Viewgraph, please (1). --

CONVERGENCE ZONE CROSSCORRELATION

PROBLEM: UNDERSTAND AND PREDICT THE EFFECTS OF CZ MULTI-
PATH ON THE CROSSCORRELATION OF WIDEBAND
SIGNALS

APPROACH: USE MODIFIED GENERIC SONAR MODEL

® SIMULATE CROSSCORRELOGRAMS FOR A VARIETY
OF SOURCE/RECEIVER GEOMETRIES

e RELATE CZ RAY STRUCTURE TO SIMULATED
CORRELOGRAM

A Viewgraph 1

The objective of this work is to characterize the effects of convergence ':-'.-'.-'.-
zone multipath on the correlation of signals between widely spaced sensors. ey
A modified version of the Generic Sonar Model was used to simulate the ]
correlograms shown in this study. i

-

-- Next Viewgraph, please (2) --
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SIMULATION GEOMETRY

RECEIVER 1 RECEIVER 2

HORIZONTAL
508 c.e RANGE ?" SEPARATION O

|
VERTICAL
SEPAR'ATION

Viewgraph 2

Two source receiver geometries will be discussed. The first is an
end-fire configuration, with both source and receivers in a horizontal line.
Horizontal range is measured between the source and receiver 1. For the
second geometry, both receivers are located at the same horizontal range but
at different depths.

-- Next Viewgraph, please (3). --
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1st CZ RAY DIAGRAM
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Viewgraph 3

This viewgraph provides a brief review of convergence zone propagation. A
CZ is formed by many rays which, due to the ocean sound speed profile, refract
at depth and focus in a small well-defined region. The acoustic intensity in
the CZ is greatly increased by this focusing, analogous to the focusing of
light through a 1lens.

~-- Next Viewgraph, please (4 Recesion For
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CROSSCORRELATION IN A
MULTIPATH ENVIRONMENT
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Viewgraph 4

The effect of multiple ray paths on the crosscorrelation function is
depicted in the viewgraph. The signal at receiver 1 is formed by two ray
arrivals with travel times Ty; and Ty,. Similarly, The signal at receiver
2 has arrivals at T3y and Ty,, with the second arrival shifted by 180
degrees, as if reflected from the ocean surface. The crosscorrelation
function has peaks at each of the travel time differences between the arrivals
at receiver 1 and receiver 2. The polarity at the peak is determined by the
phase between the arrivals, positive for like phase, negative for opposite
phase. Note the correlogram shows only three peaks, not four, as we have
assumed the smallest travel time difference is less than zero. The width of
each peak 15 determined by the bandwidth of the received signals, the smaller
the bandwidth the wider the correlation peak.

-~ Next Viewgraph, please (5) -
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WIDEBAND WAVEFORMS
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Viewgraph 5

The received signals used in this study are shown in this viewgraph. Both
are broadband waveforms and thus should have relatively narrow correlation
peaks. The first signal consists of seven 20 millisecond pulses. The
frequency of each successive pulse is 100 Hz greater than the preceding puise,
between 500 and 1100 Hz. In the signa’ magnitude spectrum, the seven
frequencies are clearly visible. The type of signal is contrasted with the
linear FM sweep. The spectrum is similar, but flatter across the 500 - 1100
Hz band.

-- Next Viewgraph, please (6). --
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1st CZ CROSSCORRELATION SOURCE COMPARISON
RANGE = 54 km

21

HOPPED CW

§ 4

A }'|
Al .j"\ﬂ‘f\f\/v\ffv/v\ W '.,!W‘J\f\fxf !
'1

NORMALIZED CROSSCORRELATION

65
DELAY TIME (ms)

Viewgraph 6

The correlation function of the two signals is also similar. The top
trace is for the hopped sequence; the bottom, for the LFM. While the
correlation functions are similar, it is important to note that the LFM has a
larger correlation peak than the hopped sequence.

-- Next Viewgraph, please (7). -
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SIMULATION PARAMETERS -

e FAME EIGENRAY MODEL
e RECEIVED SIGNAL BANDWIDTH 100-2500 Hz 5
® SOURCE/RECEIVER DEPTHS 20-100 M

® HORIZONTAL RECEIVER SEPARATION 100-1000 M T
® VERTICAL RECEIVER SEPARATION 0-150 M R,
® SINGLE CZ SOUND SPEED PROFILE

N Viewgraph 7
. Two additional parameters not included in this figure are (1) the
signal-to-noise ratio for the received signals is in excess of 100 dB, and
. (2) since we are interested in isolating the effects of acoustic miltipath,
. only the signal magnitude spectra, amplitude vs. frequency, were input to the
. GSM. No signal phase information was used.
i
T -- Next Viewgraph, please (7). -- -
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1st CZ PATH TYPES

Viewgraph 8

To interpret the crosscorrelation function, it is important to categorize
the types of rays which make up the CZ. 1In this viewgraph, we see four ray
types are possible. Three of the four may be further subdivided by their
interaction with the sea surface; either a refraction below the surface, shown
as the solid line, or a surface reflection, shown as a dashed line. Also,
since we are concerned with time differences, we will define two types of
travel time differences: intra- and interpath. Intrapath differences are the
time differences between the same ray types to each receiver, say an R path at
receiver 1 and an R path to receiver 2. Interpath travel time differences are
formed from dissimilar path types. It is also important to note that several
paths of a single type may be present in the CZ. Thus, there is the
opportunity for many intrapath time differences forming from each path type.

--Next Viewgraph, please (9). --
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CZ CROSSCORRELATION vs.RANGE
SOURCE DEPTH = 20 m

RECEIVER SEPARATION = 100 m
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NORMALIZED CROSSCORRELATION

65
DELAY TIME (ms)
Viewgraph 9

This figure shows the crosscorrelation function vs. range across the 1st
CZ. The horizontal separation between receivers is 100 m. The ranges 50 - 51
km correspond to both receivers just before the start of the CZ. At 52 km,
both receivers are near the front of the CZ, and the travel time differences
are clustered near the bulk time delay, 64 ms. Because of the relatively
small receiver separation, the eigenray structure between the receivers are
very similar. Thus all the intrapath time differences align to form a single
large correlation peak. Around the main correlation peak are smaller peaks
caused by interpath time differences, which show minor changes as the
receivers move across the convergence zone.

-- Next Viewgraph, please. (10). --
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Viewgraph 10 'fil
The figure is again crosscorrelation vs. range, but for a receiver .
separation at 1 km. Note the bulk time delay has been greatly increased, as e
. expected, and no range single correlation peak is evident. For large receiver j}ﬁ
:C- separations, the eigenray structures are different, and can be dramatically L
s different. Now the intrapath time differences do not align exactly but are "
spread out by 3 - 5 ms. Note the straight 1ine at a range of 55 km appears to o
: be an anomaly and should be ignored. -
-- Next Viewgraph, please (11). - fﬁ
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CZ CORRELATION vs.DEPTH SEPARATION
RANGE = 50 km

NORMALIZED CROSSCORRELATION
DEPTH SEPARATION (m)

DELAY TiME (ms)

Viewgraph 11

The figure presents the autocorrelation function vs. increasing vertical
receiver separation. The range of 50 km again corresponds to the two
receivers just outside the front of the 1st CZ. As receiver 2 drops in depth,
the correlation function quickly degrades and is ailmost nonexistent when the
second receiver is just inside the first caustic, shown on the viewgraph as a
depth difference of 30 m. These changes in the correlation function for very
small receiver depth differences are an indication that the eigenray structure
is more variable in depth than in range.

-- Next Viewgraph, please (12). --
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Viewgraph 12

A less dramatic example is when both receivers are inside the CZ
initially. Here all the travel time differences spread apart as the second
receiver drops, with many small correlation peaks present. As the second
receiver drops below 50 m, the eigenrays change from surface-reflected to near
surface-refracted types, and the interpath correlation peaks diminish. The
set of peaks moving to greater delays are interpath time differences for ray
types which still are common to both receivers.

-- Next Viewgraph, please (13). --
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OBSERVATIONS

e CORRELATION OF HOPPED CW SEQUENCE COMPARES
FAVORABLY WITH CORRELATION OF LFM

¢ DIFFERENCES IN EIGENRAY STRUCTURE FOR HORIZONTAL
SENSOR SEPARATIONS OF GREATER THAN 100 m RESULT IN
DEGRADATION OF CORRELOGRAM PEAKS

® SMALL VERTICAL SEPARATIONS SPREAD CORRELOGRAM OVER
GREATER RANGE OF TIME DELAYS

Viewgraph 13

Some observations to be drawn from this study are (1) the specific type of
wideband signal used has only a small impact on the correlation function (The
differences between the hopped cw and LFM are due primarily to the different
effective time-bandwidth products caused by "scalloping” in the hopped signal
spectrum); (2) receiver separation yield diminished crosscorrelation when the
eigenray structures between the two becomes appreciably different. This
occurs in both the horizontal and vertical planes, with about 10 times the
variabilty in the vertical.

This work is continuing toward including signal phase effects, which will
cause much larger differences between the correlation of different waveforms
with similar bandwidths and simulate the two-way propagation effects on the
active transmission of these wideband signals.

T T L ELT T

- e
Y ot
-
RS
=
~4
~d
.
o

(]
o -"'/

-
)
v o

ey -"‘:" !r“f‘l".l..'lt
,A'A._‘_.A_‘J' A A

i

e
. ‘..!'-'I.nl
R ¥ R LR

R

N U
" , LN :

. e e s

AL AT

Lol e et .

e e ey



TD 7563

REFERENCES

1. W. S. Hauck 111, Autocorrelation Processing in Convergence Zones, NUSC

- Technical Document 7409, 30 May 1985.

\ 2. H. Weinberg, Generic Sonar Model, NUSC Technical Document 59710, & June

X 1985.

N
;E'.E'_E
o
=
P

X kS

.- e 0 - '

. 2ttt e,

0 "o RS
% o .

A
Yy
% bty

B
Py

Y'Y
- l.'l. l.".

PR
R

14

A

G
i

. .‘Q

." .




TO 7563

INITIAL DISTRIBUTION LIST
Addressee No. of Copies

DARPA (CDR K. Evans)

ONT, Code 0731 (T. Kooij, T. Warfield)

CNO (0P-095, -098, -952D (CDR H. Dantzler)
NAVSEASYSCOM (SEA-63R (D. Porter), PMS-409 (Ying Yam), PMS-411)
NAVELECSYSCOM (612 (R. Mitnick, B. 0gg)

NOSC (C. Persons)

DREP (D. Thomson)

NSWC (R. Stevenson, E. Hein, Library)

NORDA (113 (R. Martin , R. Farwell, W. Carey)
DIA

ARL/UT (C. Penrod)

ARL/PSU (C. Ackerman, A. Stuart, Library)
DTIC

w—t
NWA LW~ =N WWN




-

P

A

“. o> ad o

Y
Y

Y

‘-_A




